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(57) PecjDepaT: 

l/l3o6peTeHne othoc\atc9\ k o6jiacTM 

MeAMI^MHCKOPi TeXHMKM, 3 HMGHHO K CpeACTBaM 

Ann onpeAQJieHun m aanncM ABM>KeHMM ma3, n 
MO>KeT 6biTb McnojibaoeaHO b ocjoiaribMonornn 
Ann AnarHOCTHKH HMcrarMa n Apyrux 
3a6ojieBaHMM rnaaoABuraTejibHoro annapara. 
CnocoS BKJifOHaeT oceeLneHne mas hctohhmkom 
CBera n nojiyneHne OAHoro noA APyrmvi c 

Ml/IHMManbHbIM paCCTOflHMeM 

BMAeoM3o6pa>KeHMfl rnas Ha OKpane KOMnbfOjepa 
c nocrieAyK)L4nivi aHani/iaoM napaMerpoB i/ix 
ABH>KeHM?i. Ha BMAeoM3o6pa>KeHMM Ka>KAoro 
rna3a Bbi6MpaK)T oSnacTb, b npeAS-nax KoropoM 
ABUxerciq spanoK ma3a. B 3tom o6jiacTM 
HaxoAs^T cjDMrypy c pa3MepoM n ctDopMoti, 
cooTBeTCTByraiAMMi/i pasMepaivi \a clDopivie apaHKa 
rnaaa. AHanna napaMeipoB ocyLAecTBJifiHDT 
nyieivi aHannaa ABM>KeHM5i i4eHTpa 3to\a cjDnrypbi, 
AHfi Mero 3a^MCblBa^oT rpaeKTopnfo ero 
ABn>KeHHfl, MSMepflioT aMnnnryAy n MacTory 
cneKTpanbHbix cocraBJifliOLAMX ABM>KeHM5i. 

yCTpOMCTBO COAep>KHT HCT04HMK CBeia AHfl 



ocBeineHUfl rnaa, paccenBaTenb CBera, 
BMAeoKaMepy ^^9] BBOAa BHAeoM3o6pa>KeHMfl 
ABM>KyLnnxcfi 3paHKOB Hepe3 aHanoro-i^MctDpoBOM 
npeoGpasoBarejib b KoivinbfOTep. fln^i 
cjDopMnpoBaHMfl n3o6pa>KeHMM rjia3 OAHoro noA 
ApyruM Ha SKpane KOMnbtorepa ycrpoMCTBO 
MMeer Ase napbi 3epKan. MsoSpereHne 

nOSBOJISeT nOBblCMTb HHCjDOpiViaTMBHOCTb 

MccjieAOBaHUfi aa CHer cjDopMMpoBaHnsq 
6nHOKyn5RpHoro i/i3o6pa>KeHM5q, AonycKaraii^ero 
o6pa6oTKy c MaKCMManbHbiM paspeLueHneM. 2 
c.n. cjD-nbi, 12 nr. 
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(54) METHOD AND DEVICE FOR STUDYING EYE MOVEMENTS FROM BINOCULAR IMAGE 



(57) Abstract: 

FIELD: nnedical engineering; medicine. 
SUBSTANCE: method Involves illuminating eye 
with light source and producing eye image 
pictures one under the other with minimum 
distance separating them on computer display 
screen with following analysis of their 
movements. An area is selected on the video 
picture of each eye within which the eye 
pupil moves. A figure is found in this area 
which shape and size match the eye pupil on 
shape and size. Parameter analysis is based 
on the figure center movement analysis. To 
do it, its motion trajectory is recorded and 
amplitude and frequency of motion spectral 
components are measured. The device has 
light source for illuminating eyes, 
light-scattering unit, video camera for 



making input of moving pupil images via 
analog-to-digital converter into computer. 
Two pairs of mirrors are available to 
arrange the images one under the other. 
EFFECT: increased information output volume. 
2 cl, 12 dwg 
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MsoGpereHne othocmtca k o6jiacTH 

MeA^UMHbl ]A 6mOC|3113MKM, MO>KeT 6blTb 

ncnojibaoBaHO b ocpTanbMonornn 
fluarHOCTHKM HMcrarMa m flpyrux aaSoneBaHuR 
rnasoflBMrarenbHoro annapaya. 

MsBecTeH cnoco6 ynbTpaasyKOBoro 
MccneAOBaHMSi maaa nyreM era 
ynbTpasByKOBora CKaHnpoBaHMJi, npM KoropoM 
cyMMnpyfOT Ha oneKipoHHOM ypoBHe cepuro 
napajinejibHbix AsyxKaMepHbix 
HerpaflykipoBaHHbix no npKocTH cKaHorpaMM, n 
aa CHei cnnflHUfl cosnaflaioiMMX ASTaneC^ 
nojiynaNDT rpaAai^nio no ^pkoctm, McnojibayeMyhD 
B KanecTBe TpeibePl Koopfli/iHarbi npM 
nocTpoeHMM rpexMepHoro n3o6pa>KeHMfl 
aKycTM^ecKora ce^eHUfl maaa (cm. nareHT P<\> 
2019133, KH. A 61 B 8/00. 1994). 

OflHaKO flaHHbiM cnoco6 He noaBonfieT 
nonyHMTb MHc|DopMaL^mo o xapaKiepkicTHKax 
ABMxeHMfl rnaaHoro ndnoKa. 

MsBecTHO ycrpoC^CTBO yjibTpasByKOBoro 
MconeflOBaHMfl rnasa, coflepxaLnee 
ynbTpaasyKOBOM aoHfl, ycTanoBJieHMbit^ c 

B03MO>KHOCTbK5 CpMKCaL^MH B nK360M nOJlOKeHMM 

B MycjDTe npMcnoco6neHMfi, aaKpenneHHoro Ha 
Kopnyce pacceMBaiOLLJ,eM oc|)TanbMOCKonM4ecKOM 

nnH3bi 6i/iHOKyjinpHoro MUKpocKona (cm. aansKy 
pep 93026962, MHK A 61 B 8/10,1995). 
HeAocraTKOM ycrpoMCTBa flenyieTCfi 

HeB03M0>KH0CTb nonyHGHMfl MHCtDOpMai4HM o 

xapaKTepucTMKax ABH>KeHHfi masHoro j^6noKa. 

MsBSCTeH cnoco6 ynbTpasByKOBoro 
MccneAOBaHH5R maaa nyreivi nocrpoeHnsq 
TpexMepHoro aKycTHMecKoro i/i3o6pa>KeHH?i 
nocne sneKipoHHoro cyMMnpoBaHUfi cepuM 
nocneAoeaTejibHbix aKycTHMecKnx ceMehUM (cm. 
najeHT P<P 2128473, kh. A 61 B 8/10, 1999). 

HeAocraTKOM cnoco6a fienfieTCfi HeebicoKa?! 

TOHHOCTb npOBOAHMblX H3MepeHMM. 

MsBecTHO ycTpoMCTBO Ana KOMRbfOTepHoro 
aHannsa HMcrarMorpaMM npn onTOKMHeTMHecKOM 
M KanopuHecKOM crMMynj^Mn, BKJiMDHaiOLAee 
ycunnTenb nepeivieHHoro TOKa, 

aHanoro-L\ncj3poBoii npeoOpasoBarenb, 
nepcoHajibHbm KOMRbJoiep c naKeioM nporpawM 
(M. M. JleBaujOB, C.B. Jli/ineHKO, H.M. Baxi/innHa, 
M A. HaAenaeB, B.B. fOraCi, H.JI. CypMHa, B. fO. 
YXBailOB. B03M0>KH0CTH KOM □ bfOTepHoro 
aHajiMsa HMcrarMorpaMM npn onTOKHHeTMHecKOM 
M KajiopuHecKoixi CTMMynfli^MH. BecTHMK 
OTopMHonapuHronornM. 5. 1998). 

HeAOCTaTKOM ycTpoMCTBa f^BJisRercsq 

HeBblCOKafl TOHHOCTb npOBOAMMblX MSMepeHMM, 

nocKonbKy ycTpoCicTBO peannayeT KOCBeHHbiCi 
MeTOA M He o6ecne4MBaeT aeconioTHoC^ 

KanM6pOBKM MSMepeHMM. 

HanGonee SjikiaKUM no TexHu^ecKOM 
cyLi^HOCTM K npeATiaraeMOMy flBJifleTcn cnoco6 
MccneAOBaHMfl ABM>KeHMfl maaa, KOTopbiM 6bm 
peajinaosaH npn npoBeflSHHn SKcnepuMeHTOB b 
oGjiacTH TSJieoKynoMeTpmi npM noBopoTS 
ronoBbi. Cnoco6 BKnioHaeT nojiyneHHe 
BMAeoM3o6pa>KeHM5i Ha SKpane KOMnbfOTepa, 
enHapnaai^Mio Ka>KAoro aanncaHHoro KaApa, 
anajiMa napaMerpoB ABii>KeHbifl rnaaa, npi/ineM 
KaHan MSMepeHun nono>KeHM5i rnasa BbinojiHeH b 
BMfle onTMKO-aneKTpoHHoro npeoGpaaoBaTerifl 
Ha ocHOBe BkifleoKaMepbi c n3C-MaTpnL4ei;i, 
HenoABMXHO aacj^nKCMpoBaHHoi^ OTHOCMTeribHO 
ma3HHL4bi, a Kanan MaMepsHMfl yrna noBopoTa 
ronoBbi - B BkiA© noBopoTHoro 
sneKjpoMexaHMHecKoro naMepujejibHoro 
npeo6paaoBaTenfl c KOflOBO-MMnynbCHoC^ 
MOAyjiflmiePi (cm. HuciarMocKon // Poccni^CKafi 
HayHHO-npaKTMMecKan KOHclDepeHL\nfl "OflTHKA 
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M HAYMHOE nPMBOPOCTPOEHME-2000" 
a>L4n "HHTerpaL^Miq". 29-30 MapTa 2000 r. / Tea. 
flOKH. - Cn6: MTMO, 2000 r. - 72 c). 

OAHaKO AaHHbiR cnoco6 ne o6ecneHMBaeT 
npoBBAeHi/ifl 6MHOKynflpHbix MSMepeHMM. 

HaM6oriee 6rin3KHM no TexHUMecKoii 
cyiAHOCTM K npeAnaraeMOMy nBnfleTcn 
ycTpoC^CTBO Ann MCCJieAOBaHun ABM>KeHkifl 
spaHKOB rnaa, BKntonaKDii^ee mctohhmk caeTa aha 
ocBeineHMfl rnaa, paccenBaTenb cseTa, 
onTMKO-sneKTpoHHbiM npeo6paaoBaTenb na 
ocHose BMAeoKaMepbi c nsC-MaTpkmei^, 

nOBOpOTHbIM 3JieKTpOMexaHMHeCKMM 

MaMepMTejibHblPi npeo^paaoBaTenb c 
KOAOBo-MMnynbCHoC^ MOAynfli^MeC^, 
aHanoro-i4M4)poBOM npeoepaaoBarenb, 
coeAHHeHHbiC^ c KOMnbtoTepoM (cm. 
HMCTarMOCKon. // PoccuMCKan 

HayHHO-npaKTMHecKafl KOHc|DepeHL^Mfl "OriTMKA 
M HAYMHOE nPMBOPOCTPOEHME-2000" 
01411 "MHTerpa4M5i". 29-30 Mapra 2000 r. / Tea. 
AOKH. - Cne: MTMO, 2000 r. - 72c.). 

OAHaKO AaHHoe ycTpOMCTBO He 
o6ecneHMBaeT npoBeAennfl enHOKynnpHbix 
MSMepeHMM. 

SaAana nacTOfl libera Mao6peTeHMfl 

SaKJINDHaeTCa B noeblLUeHHH HHCjDOpMaTMBHOCTM 

nccneAOBaHUM aa chst c|DopMnpoBaHi/ifi 
6nHOKyriflpHoro (oAHOBpeivieHHO oGomx rnaa) 
Mao6pa>KeHi/ifi, AonycKaK)LU,ero o6pa6oTKy c 
MaKCMManbHbiM paspeiueHneM. 

nocTasneHHafl saAana AOCTurasTcn tsm, hto 
B cnoco6e nccneAOBaHHiR ABMKeHMfi rnaa, 
BKnKJMaKJLi^eM ocBBLL^eHMe rnaa hctomhukom 
CBGTa, nony^eni/ie BHABOM3o6pa>KeHnsq rnaaa na 
SKpane KOMnbfOTepa, 6MHapM3ai4HK) Ka>KAoro 
aanncaHHoro KaApa BMfleoM3o6pa>KeHMfl, c 
nocneAyfOLLiUM anannaoM napaiweTpoB 
ABH>KeHH5R rnaaa, cornacHO npeAnaraeMOMy 
peLueHMfo Ha aKpane KOMnbfOTepa 
OAHOBpeMSHHO HonyHafOT BHAeoM3o6pa>KeHMe 
BToporo rna3a, nepeMeLLJ,aKDT M3o6pa>KeHM?i rnaa 
AO nonyneHUfi nx pacnono>KeHMfi OAHoro noA 
ApyruM c MMHMManbHbiM paccTOfiHUBM Me>KAy 
HMMH, AO nnn nocne 6MHapM3ai4HM na 
BHAeoM3o6pa>KeHMH Ka>KAoro rnaaa BbiGnpatOT 
o6nacTb, b npeAsnax KoropoM ABM>KeTCfl apaMOK 
rnaaa, b otom oSnacTW naxoAflT cjDnrypy c 

paaMepOM 1/1 CjDOpMOll, COOTBeTCTByfOLiJ,MMM 

pasMepaM n cjDopMe spaHKa rna3a, ananna 
napaMSTpoB ocymecTBniqfOT nyTew anannaa 
ABH>KeHMiR i^eHTpa 3tom cjDMrypbi, ati^i nero 
aanncbiBafOT TpaeKTopi/iND ero ABM>KeHM?i, 
naMepjiJOT aMnnMTyAy n nacTOTy cneKTpanbHbix 
cocTaBnflioL4MX ABUxeHun, npn stom aa i^eHip 
npuHMMatoT T04Ky, paBHoyAaneHHyK) ot rpaHML\bi 
cfikirypbi. 

B ycTpoMCTse Ann MCcneAOBannfl ABM>KeHMfl 
rnaa, BKnioHaHDiAeM mctohhmk ceeTa aha 
ocBeiAeHMfl maa, paccenBaTenb cBeTa, 
BMAeoKaMepy aha BBOAa BMAeoMao6pa>KeHH5i 
ABM>KyLAMXcfl apaHKOB Hepea ananoro-UMclDpoBOM 
npeoepaaoBaTejib b KOMnbioTep, cornacHO 
npeAnaraeMOMy pemeHMfo HMeioTCJi Ase napbi 
aepKan Ann cj^opMnpoBaHun i/i3o6pa>KeHM£^ rnaa 
OAHoro noA ApyrwM na SKpane KOMnbtoTepa, 
aepKana ycTanoBnenbi Me>KAy rnaaaMM ki 
BMAeoKaMepoM m BbinonneHbi c BoaMOKHOCTbfo 
o6ecneHeHtin kix noBopoTa BOKpyr BepTHKanbHoPi 
M ropMaoHTanbHOM oceM, npM 3tom nepBbie na 
aepKan Ka>KflOM napbi pacnonoKenbi nanpoTUB 
cooTBeTCTByfoiAero rnaaa, a BTopbie aepKana 
Ka^Kflot^ napbi pacnono>KeHbi oaho noA APyuM, 
opueHTupoBaHbi napannenbHO 
cooTBeTCTByfoiAMM nepBbiM M noMeineHbi b 
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npoMe>KyTKe, pasflen^iKDii^eM nepsbie aepKana co 
CMemeHneM b cropoHy mas. 

OpurnHanbHOCTb npeAnaraeiwioro pemeHUfl 
aaicnioHaeTCfi b ncnonbaoBaHnn hoboK MeroAHKH 
cj^opMnpoBaHMJi BepTMKanbHoro pacnonoKeHUJi 
rnaa Ha BMfleoM3o6pa>KeHMM, cnocto6e 
OTcne>KMBaHMn i^eHTpoB apaMKOB rnaa m 
npoBefleHMM GnHOKynflpHoC^ BMfleociDeMKH c 
noMoi4bK3 oflHoii BMfleoKaMepbi nyreivi 
npuMeHSHMfl onTMHecKOM CMcreMbi csefleHun 
M3o6pa>KeHMM maa. noflo6Hafl cxsaoKynHOCTb 
fleC^CTBuC^, nosBOJifltou^afl onpeAeriflTb xapaicrep 
ABii>KeHMfl mas, HewsBecTHa. 

□peAnaraeMoe M3o6peTeHne noflCHflercfl 
HepTe>KaMM. 

Ha cf)Mr.1 npeflCTaBJieHa cxewia ycraHOBKH, 
TAe: 1 - maaa nai^neHTa, 2 
cpuKcaTop-noACTaBKa atia ronoBbi, 3 - jiaMna 
AHeBHoro CBera, 4 - paccenBaTenb, 5 - 
onTMHecKan cucTeivia ceeAeHUfl M3o6pa>KeHHM 
rnaa, 6 - BMAeoKaMepa, 7 - aHarioro-L4HcjDpoBoC^ 
npeoOpaaoBaiejib (nnaia BHAeoBBOAa), 8 - 
KOMRblOTep, 9 - Hocmejib i/iHC|DopMamiM, 
o6ecneHMBaK5inMi?i xpaneHMe A^HMbix. 

Ha c|DMr.2 - onrnHecKa?! cucreMa cBeASHUfl 
M3o6pa>KeHHM maa 5, rAe 10, 11 - n3o6pa>KeHMiR 
neeoro n npaeoro maaHbix ?i6jiok, 12, 13 - 
nepobie na aepKan Ka>KAOM napbi, 14, 15 - 
BTopbie na aepKan Ka>KAOM napbi, 16 
Mao6pa>KeHM5R jieBoro m npaBoro rnaaHbix 9^6noK, 
pacnojio>KeHHbie oaho noA APVrnM. 

Ha cjDi/ir. 3-7 npeAcraBJieHa cxeivia 
o6pa6oTKH BMAeonH0opMaiJ,MM, TAe Ha cjDnr.3 
noKaaaHO nonyHGHne BMAeon3o6pa>KeHM?i Ha 
SKpane KOMnbtorepa; na 0\Ar.4 - BbiAeneHne na 
BMfleon3o6pa>KeHMM aHariM3MpyeMbix o6nacTeM; 
Ha ctDnr.5 - OMHapi/iaai^nH n3o6pa>KeHM?i; na cfjur. 
6 - Haxo>KAeHMe ueHipoB apa^KOB maa; na 
cf)nr.7 - BbiBOA TpaeKTopMii ABM>KeHH5R Ha 
nnocKocTM (cneBa BBepxy), c|DopMbi ABUxenna 
no ropnaoHTann (cnpasa) m no BeprnKajiM 

(BHM3y). 

Ha cf)nr. 8 - aasMCMMOCTb CMeLJj,eHMfi apa^KOB 
maa BAOJib ropnaoHTanbHoti ocu npn 
MafiTHHKOo6paaHOM cjDopivie HuciarMa (BepxHfifi 
nnHMfl - npaBbiM maa, HM>KH?in jiuhm^i - nesbm 
maa). 

Ha dpi^v. 9- sasncuMOCTb CMeiu^eHi/iin spaHKOB 
maa BAOJib BepinKajibHOM ocm npw 
MafiTHMKoo6pa3HOM ctjopivie HMCTarMa (BepxHflfl 
nnHMfl - npaBbit^ maa, HM>KHflfl jiuhm^i - neebiR 

maa). 

Ha cjDi/ir.lO - ipaeKTOpn?! ABM>KeHH5^ apaHKOB 
maa npn MaflTHMKOo6pa3HOM HUCTarwe 
(BepxHue TOHKM - npasbiCi maa, HM>KHMe tc-ikm - 
nesbiPi ma3). 

Ha cpur. 11 - cneicrp ABM>KeHMfl 3pa"^KOB ma3 
BAOJib ropnaoHTanbHOM ocki npn 
MafiTHHKoo6pa3HOM HMCTarMe (cnjioLUHbie 
npflMoyrojibHUKM - npasbiM maa, KOHiypHbie 
np^iMoyrojibHUKU - nesbii^ mas). 

Ha <jp]Ar. 12 - cneicrp ABM>KeHM5i spaHKOB maa 
BAOJib ropnaoHTanbHoC^ ecu npn 
MaflTHHKOo6pa3HOM HMCTarMe (cnnoLiiHbie 
npflMoyronbHMKM - npasbii^ maa, KonrypHbie 
npflMoyrojibHUKM - neBbiCi ma3). 

Cnoco6 3aKnioHaeTCfl b cneAyrou^eM (cm. 
cpur.l). 

fonoBy nauneHTa ^HKCupyjoT b noACTaBKe 2. 
C noMOLi^bHD, HanpkiMep, JiaMnbi AHeBHoro CBera 
3 paBHOMepHO ocBeiAatoT masHoe flSnoKO 1 
nai^neHTa, npw^eM Anfi ycTpaneHUfl 6nnKOB na 
spaMKe Mcnojib3yK)T paccenBaTenb 4. flns 

nOBblLiJeHM5q TOMHOCTM SUHOKyJlfipHOC^ 

perncTpai^MH nepeweLi^eHMn 3paHKOB ma3 c 
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noMoiAbto oflHOM BMAeoKaMepbi mx M3o6pa>KeHiifl 
CBOAflT BoeAHHo c noMOiAbto onrnHecKOM 
CMcreMbi 5. BuiAeoKaMepa 6 perncTpupyeT 
CMeu^eHMe maa 1 b maaHni^ax. 
BMAeoMao6pa>KeHMe ABH>KyiMHXCfl apaMKOB 

BBOAHTCn B KOMHbHDTep 8 C nOMOl^bHD 

aHanoro-L^MCppoBoro npeoGpa30BaTenfl 7 n 
aHanM3i/ipyeTCfl c noMoiubfo KOMnbfOTepHoi^ 
nporpaMMbi. npoBOAST noKaAposyfo noporosyio 
o6pa6oTKy BMAeoc|DaMna m aanncb rpaeKTopuM 
ABM>KeHMfl ueHTpoB spaHKOB mas, a laioKe mx 
MareMaTMHecKyK) o6paGoTKy (cneiapanbHoe 
npeoSpaaoBaHMe). PasMep o6pa6aTbiBaeMbix 
o6nacTeM Bbi6MparoT xaKUM o6pasoM, HTo6bi ohm 
coAep>KanM 3pa4KM bo Bcex mx nojio>KeHM5ix b 
TeneHMe scero speMeHM Ha6ntoAeHMJi, raK KaK 
HajiMMMe b Bbi6paHHoC^ o6nacTM nocTopoHHMX 
o6-beKTOB, coM3MepMMbix MJiM 6onbLUMX pa3Mepa 
spaHKa masa, npuBeAST k neaAeKBaTHOM pa6oTe 
nporpaMMbi, o6pa6aTbiBaK)LJ4eM 
BMAeoM3o6pa>KeHMfi. PacnoaHatoT i4eHTp 
cjDMrypbi, MMeKJLAeM paaMep m c|DopMy, 
cooTBeTCTByfoiAMe pasMepaM m c|DopMe spanKa 
r/iaaa. 3a ee L^eHip npMHMMaror lOHKy, 
paBHoyAaneHHyto ot rpaHm4bi oG-beKTa. 

VcrpoMCTBO BKntOHaer cfiMKcaTop-noACTaBKy 
ATI?! rojioBbi 2, naMny AHeBHoro ceera 3, 
pacceMBaTejib 4, onTHMecKyro cucreMy 
CBBAeHUFi M3o6pa>KeHMM maa 5 (cm. cjDnr. 2), 
cocTOiRinyfo na Asyx nap aepKan ati^i 
cjDopMMpoBaHM;! M3o6pa>KeHMM rnaa na SKpane 
KOMnbfOTepa OAHoro noA APyrMM, 
ycTaHOBJieHHbix Me>KAy maaaMU m 
BMAeoKaMepoM m BbinojiHeHHbix c 
BoaMOKHOCTbHD o6ecneMeHM?i mx noBopoia 
BOKpyr BepTMKajibHOM m ropMSOHTaribHOM ocgm, 
npM 3TOM nepebie m3 aepKan 12 m 13 Ka>KAOM 
napbi pacnojio>KeHbi nanpoTMB 

cooTBeTCTByfOLJj,ero maaa, a BTopbie aepKana 14 
M 15 Ka>KAOM napbi pacnonoKenbi Me>KAy 
nepBbiMM CO CMBLneHMeM napannenbHO mm, 
BMAeoKaMepy 6. VcTpoMCTBO coAep>KMT raiOKe 
aHanoro-LiMc^poBOM npeoepaaoBarenb (nnara 
BMAeoBBOAa) 7, KOMnbHDTep 8, HOCMTenb 
MHcfiopMaL|MM 9, oGecneHMBaKJiL^MM xpaneHMe 
AaHHbix. 3a CMei bo3mo>khoctm peryriMpoBKM 
ceeAeHMH Mao6pa>K:eHMM Asyx maa AOCTMraercfl 
M3o6pa>KeHMe MaKCHManbHoro paspeiueHMfl, 
KOTopoe o6ecneHMBaeT npoBeAeHMe MSMepeHMM 

C nOBblLUeHHOM TOHHOCTbfO. 

Ha c|DMr.3-7 npMBeAena cxsMa anaiiMaa 
BMAeoMao6pa>KeHMfi. flocne BBOAa AaHHbix b 
3BIV1 C MCTOHHMKa BMAeoMHci)opMai4MM 
(BMAeoKaMepbi, BMAeoMarHMTOctDOHa) m 3anycKa 
nporpaMMbi o6pa6oTKM BMAeoM3o6pa;KeHMe 
OTo6pa>KaeTCfl b OKHe (cj^Mr.S). flnn HaMana 
aHanM3a na M3o6pa>KeHMM BbiAeji5RK3T o6jiacTM 
(npasoro m neBoro ma3a), oxBaibiBaioLL^Me 
AOCTaroHHyio njioLuaAb, HTo6bi bo BpeMfi 
ABM>KeHM;i spaHOK He BbixoAMJi sa MX npeAejibi 
(cjDMr. 4). rioporoBbiPi ypoBenb Anfl SMHapMaaL^MM 
(npeo6pasoBaHMfl nojiyroHOBoro M3o6pa>KeHMfl c 

L\eJ1blO COKpaLL^eHM51 MHC|30pMai4M0HH0f^ 
M36blTOHHOCTM) M3o6pa)KeHMfl Bbl6MpaeTCJ1 
raKMM o6pa30M, MTo6bi na M3o6pa>KeHMM 
ocrancfl ^eiKMPi CMnyar MccneAyeMoro o6"beKTa 
(c|3Mr.5). SareM naxoAflTCfl reoMerpM^ecKMe 
L4eHTpbi 3pa'^KOB mas, m mx KoopAMHarbi 
sanMCbiBaioTCfl b MaccMB (cjDMr.S). Flo 
saBepmeHMM aHariMsa na aKpan BbiBOAMTcn 
cfjopMa ABM>KeHMfl no Bepri/iKajiM (BHMsy), no 
ropM30HTajiM (cnpasa) m rpaeiaopM^i ABM>KeHMfl 
Ha nnocKOCTM (cnesa BHMsy) (ct)Mr.7). 
Mcnonbsyji MeroAMKy 6biCTporo 
npeo6pa30BaHMfl Oypbe, pacc^MTbiBaioT cneKip 
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flBMxeHMfl Ka;Kfloro masHoro n6noKa BAonb 
ropMSOHTajibHOM M BepTMKajibHOM oceM. rio 
BennHMHe aMnnmyA m nacTOT cneKrpanbHbix 
rapMOHMK ABM>KeHHfl maa onpeAenfiioT xapaKiep 

MX ABM>KeHl1^. 

ripuMep ^paKTH>^ecKO^^ peannaai^nn 

M306peTeHMfl. 

BnAeoM3o6pa>KeHne aHannakipyeTCfl c 
noMoi4bK3 nporpaMMbi, peajiMayHDii^eM anropnTM 
pacno3HaBaHM5R o6'beKTOB m o6ecneHkiBaH3LL^eM 
flManor c nonbaoBareneM. flnfl bboas 
M3o6pa>KeHMfl McnonbsyeTc^i nnaia BMfleoBBOAa 
Malrox Marvell G450, noAAep>KMBafOLi^afl 
nojiHOcjDopMaTHbiPi BBOA BMAeoMarepkianoB co 
CKopocTbio 30 KaApoB B ceKyHfly, n 
nocTaBJifleMoe c hsm nporpaMMHoe 
oeecne'-ieHMe (flO) Ann aaxsara 
BMAeoM3o6pa>KeHMfl B ipavin cJ^opMaja AVI. 

riporpaMMHafl nacTb 
nporpaMMHO-annapaTHoro KOMnneKca flAK 
BKnK)HaeT cnei^MannsMpoBaHHyto nporpawMy, 
cjDyHKi4HOHMpyfoiAyHD b cpeAe Windows'98 m 
ocyiAecTBfifltoii^yio aHariMa BseAeHHoro 
M3o6pa>KeHMfl. C noMOLi^bK) nporpawMHOt^ nacTH 
riAK onpeASJifleTc?! nono>KeHMe i^eHTpoB 
apaHKOB rnaa m ocyLi^ecTBJifleTCfl aanwcb m 
cneKTpajibHbiM aHanna rpaeKTopi/iti nx 
ABUxeHUFi. PeaynbiaTbi aHannaa coxpa\-\9\\OTC9\ 
Ha HOCMTerie MHc|DopMaL4MM 9. 

□porpaMMa noaeonjReT aHannsMpoBarb 
BBGAeHHoe B KOMnbHDTep BMAeon3o6pa>KeHMe 
flBM>KyLneroc5^ o6"beKTa hum ero nacTb; 
ocyu^ecTBriyieT OTKpbirne cpaiAna cjDopMara AVI, 
npeAociaBn^ieT BoaivioxHOCTb BbiSopa 
o6pa6aTbiBaeMbix o6riacTeM i/i nopora 
o6pa6oTKM, npoBOAMT noKaApoByK) noporosyK^ 
o6pa6oTKy BHAeoct^atiria i/i aanncb rpaeKTopuCi 
ABM>KeHHf1 UGHTPOB o6-beKTOB, a TaiOKe MX 
MaieMaTHHecKyHD o6pa6oTKy (cneKipaiibHoe 
npeoSpasoBaHHe). Paaiviep o6pa6aTbiBaeMbix 
o6jiacTeM BbiGMpaercfl raKMM oSpaaoM, HTo6bi 
OHM coAep>KanM span km maa bo ecex mx 
nono>KeHM?ix b TeneHMe Bcero BpeivieHM 
Ha6nK:)AeHMH. flpn 3tom cneAyex yHMTbiBaTb, hto 
HeoSocHOBaHHoe yBernHeHMe paawepa 
o6jiacTeM npnBOAHT k cymecTBeHHOMy 
yBejiMHeHMK: speMeHu o5pa6oTKM. 

□porpaMMa pacnoaHaer i^eHTp cjDnrypbi, 
MMeK)LL\eM paaMep m cjDopMy, cooTBercTByioLUMe 
pasMepaM m cjDopMe 3paHKa ma3a. 3a ee LieHip 
npuHMMaeic^i TOHKa, paBHoyAaneHHayi ot 
rpaHMi4bi o6-beKTa. 

O6cneA0BaHM5i npoBOAnnncb y nauweHTOB c 
Bbipa>KeHHbiM xapaKTepoM HMcrarMa. V 
nai^MeHTa M., 12-tm nei, Ha6njoAsi-ncfl 
MaflTHMKOo6paaHbiM HMCTarwi. Ha cpiAV.Q 
npeAcraBJieHbi peayjibTaibi M3MepeHMfl 
cwieLneHMfl 3paHKOB no ropnaoHTariM 3a BpeMfl 5 
ceKyHA. KaK bmaho m3 npeAcraBJieHHoro 
HepTe>Ka, Ha6ntOAaHDTCfl nepnoAHHecKMe 
OTKnoHeHMfl spaHKa maaa Ha sennHMHy nopflAKa 
1,2 MM KaK Anfl nesoro, raK m An^i npaBoro 
rnasHoro fl6noKa. riepMOA MaflTHMKOo6pa3Horo 
HMCTarMa o6omx maa OKono 0,2 c. Ha cp\Ar.9 
npeACTasneHbi pesyjibTaibi naMepeHMfl 
CMeineHMfl apaMKOB no BepinKann aa speMn 5 
ceKyHA- Ma cpur.S m 9 bmaho, "^to aMnnkiryAa 
ABMXBHMfl apa^KOB BAOJlb ropMaoHTajibHOM 

(c|DMr.8) M BepTHKajibHOfii (cjDnr.Q) oceC^ 
paannHHa. HaMeojibiuee CMeiASHMe mmsiot 
ABMxeHMfl spaHKa rnasa BAOJib ropusoHTanbHOM 
ocM. KpoMe Toro, cpaBHMBa^ coBnaABHue 
cjDopMbi ABM>KeHMC^ npaBOfo M nesoro rnaa 
MO>KHO cyAMTb o CTeneHM cmhxpohhoctm mx 
ABM>KeHMn: atia ropMaoHTanbHoro HMcrarMa 
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BMsyanbHO naSnioAaeTcn coBnaASHMe aMnnMiyA 

M 4)33 OTKnOheHMfl, HTO CBMABTenbCTByeT o 
CMHXpOHHOCTM ropnaOHTanbHOrO ABM>KeHMfl 

0601/IX rnaa, p^9\ BeprnKanbHoro HMcrarMa 
CMHxpoHHOCTM H& Ha6nK3AaeTcn. 

HecMorpn na to, 4to o cmhxpohhoctm 
ABM>KeHMfl rnaa KaMecTBSHHO mo>kho cyAMTb no 
cpMr.B M 9, KonnHecTBGHHO o CTeneHM 
CMHxpoHHOCTM ABM>KeHMM nyHLue cyAMTb no 
cneKTpanbHOMy npeAcraBneHHK) abmkbhmm 
rnas. 

CnsKTpanbHoe npeAcraBneHMe ABMKeHMfi 
rnaa BAonb ropMSOHianbHoC^ ocm npMBeAeHO na 
ct)Mr11. KaK cneAyer m3 peaynbraroB, 
npeACTasneHMbix na cfiMr.ll, b cneKTpe 
ABM>KeHMfl 060MX apaMKOB MMeercfl rapMOHMKa 
Ha 4acTOTe 5,1 ri4 c aMnnMiyAoC^, 
npeBbiLuajou^eM ocTanbHbie rapMOHMKM. 
CooTBeTCTByraii^MM 3TOM MacTOTe nepMOA 
ABM>KeHMfl, paBHbiM 0,2 c, xapaKiepMayer 
Ma5qTHMKOo6pa3HbiM HMCTarM. CoBnaAeHMS 
HacTOT rapMOHMK c MaKCMManbHoC^ aMnnMTyAoi^ 
y 060MX rnaa roBopMi o BbicoKoC^ creneHM 
ropMaoHTanbHoC^ cmhxpohhoctm ABM>KeHMfl 
npasoro m neBoro rnaa nai^MeHia. 
CneKTpanbHoe npeAcraBneHMe ABMxeHMfl rnaa 
BAonb eepiMKanbHOM ocm npMBeAeHO na cjDMr. 
12, KOTopoe noATBep>KAaeT OTcyTcrsMe 
CMHxpoHHOCTM BepTMKajibHoro ABM>KeHM5R maa, 
OAHaKO aMnnMiyAa raKMX ABM>KeHMM 
OKasbiBaerciR SHaHMrenbHO MeHbiueM, neM 
aMnriMTVAa ropusoHranbHoro ABH>KeHHiq rnas. 

TaKMM o6pa30M, oni/icaHHafi MeroAMKa 
no3Bon?ieT SMHOKynsipHO perMcrpMpoBarb 
ABM>KeHMe rnaa m onpeAen^rb xapaKrep aroro 

ABM>KeHMfl. 

OopMyjia ii3o6peTeHM^: 

1 . Cnoco6 MCcneAOBaHMJi ABM>KeHMfi rnaa, 
BKntoHatoiAMM ocBeii^eHMe rnaa mctohhmkom 
CBera, nonynsHMe BMAeoMao6pa>KeHMfl rna3a na 
SKpane KOMnbiorepa, 6MHapM3ai4MK) Ka>KAoro 
sanMcaHHoro KaApa BMAeoM3o6pa>KeHMfl, c 
nocneAyioLueM ananMSOM napaMerpoB 
ABM>KeHM5i rnasa, ornMHaioLAMMCfi tbm, hto na 
SKpane KOMnbrorepa OAHOspeweHHO nonynafOT 
BMAeoM3o6pa>KeHMe Bioporo rnaaa, 
nepeMeiAafOT Mao6pa>KeHMfl rnaa ao nonyneHMfl 
MX pacnono>KeHMfl OAHoro noA ApyrMM c 

MMHMManbHbIM paCCTOflHMeM Me;KAy HMMM, AO 

MnM nocne 6MHapM3ai4MM Ha BMAeoM3o6pa>KeHMM 
KajKAoro rnaaa Bbi6MpaioT o6nacTb, b npsAenax 
KOTopoi^ ABM>KeTCfi apanoK rnaaa, b aioC^ 
o6nacTM HaxoA^iT cjDMrypy c pasMepOM n 
cjDopMOM, cooTBercTByfoiAMMM paaMepaM m 
cjDopMe 3paMKa rnasa, ananMS napaMerpoB 
ocyiAecTsnflioT nyreM ananMsa ABM>KeHMfl 
i^eHipa 3Toi^ cfDMrypbi, aha nero aanMCbiBaioT 

TpaSKTOpMfO ero ABM>KeHMfl, MSMepflfOT 

aMnnMTyAy m nacTOTy cneKTpanbHbix 

COCTaBnflK)L4MX ABMXeHMfl, npM 3TOM 3a i4eHTp 

cjDMrypbi npMHMMaioT TOHKy, pasHoyAaneHHyfo ot 
rpaHMUbi <})Mrypbi. 

2. VCTpOMCTBO ATIJI MCCneAOBaHM^I ABM>KeHMJ1 

rnas, BKnHDMaKDLLj,ee mctohhmk csera 
ocBeLAGHMyi rnaa, pacceMBare^b CBera, 
BMAeoKaMepy Ana BBOAa BMAeoM3o6pa>KeHMfl 
ABM>KyLiJ,Mxcfi apaHKOB Mepea aHanoro-i^MctDpoBOM 
npeoBpasoBarenb b KOMnbrarep, ornnHafOLneec;! 
TeM, HTO OHO MMeeT ABe napbi sepKan ah^i 
cjDopMMposaHMfl M3o6pa>KeHMM mas OAHoro noA 
ApyrMM Ha SKpane KOMnbHDTepa, aepKana 
ycTanoBneHbi ivie>KAy rnaaaMM m BMAeoKaiviepoM 
M BbinonneHbi c BoaMOKHOCTbJO o6ecneMeHMfl mx 
noBopoTa BOKpyr BepiMKanbHOM m 
ropMSOHTanbHOM oceCi, npM stom nepBbie ms 
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aepKan Ka>KfloCi napbi pacnonoxceHbi HanpoTkiB 
cooTBeTCTBytoLi^ero rnaaa, a eropbie sepKana 
Ka>KfloC^ napbi pacnono>KeHbi oflHO noA flpyrmw, 
opueHTMpoBaHbi napanjienbHO 



cooTBercTByioim/iM nepBbiM m noMeineHbi b 
npoMe>KyTKe, pasflejiflHDU^eM nepBbie aepKana co 
CMeLqeHneiw b cropoHy maa. 
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